Abstract
Introduction
Utilization of industrial waste is very essential for developing countries like India. It is because of lack of land for dumping the waste materials, depletion of natural aggregates, energy saves and cost saving. While manufacturing cement, the environment faces equivalent amount of co 2 which is very harmful to the nature. In addition, due to scarcity of natural resources the waste materials must be properly utilized to preserve the environment as eco-friendly. This scenario leads to the utilization of by-products such as Fly Ash (FA) and Copper Slag (CS) as replacements for cement and fine aggregates, respectively. Indian Copper companies -Sterlite Industries, Hindalco, and Hindustan have contributed to the production of major quantities of copper. Copper slag is a by-product obtained from the smelting and refining of copper. Production of one tonne of copper generates approximately 2.2 -3.0 tonnes copper slag [1] . Similarly, a country's industrial growth depends on the availability of power. In India also, coal is a major source of fuel for power generation. About 60% power is produced using coal as fuel. Indian coal has low calorific value (3000 -3500 kcal) and very high ash content (30 -45%). As a result huge quantity of ash is generated in the coal based thermal power stations. During 2005 -2006 about 112 million tonnes of ash have been generated in 125 power stations. With the present growth in power sector, it is expected that the ash generation would reach 225 million tonnes by 2017 [2] . In this regard, the waste disposal has become a severe social and environmental problem. Hence, waste materials can be substituted for raw materials especially for cement production or can partially be replaced for cement and fine aggregate in concrete alone. It will reduce the depletion of natural aggregate and maintain the green environment.
CS has favorable mechanical and chemical characteristics that lead to its utilization for value added products such as cement, fill, ballast, abrasive, cutting tools, aggregate, roofing granules, glass, tiles etc. [3] CS is substituted for fine aggregate due to possessing superior mechanical properties and they may be of cheaper varieties than the similar conventional material [4] [5] [6] [7] [8] [9] [10] . The pozzolanic property of FA makes it a resource for making cement and other ash based product. When FA is present in the concrete mass, it plays dual role for the strength development. FA reacts with surplus lime and produces additional C-S-H gel which renders additional strength to the concrete. The un-reactive portion of fly ash acts as micro aggregates and fills up the matrix to condense packing effect which results increased strength [11] [12] [13] [14] [15] [16] [17] [18] . Many researchers have discretely investigated the use of CS and FA as replacement for cement, coarse and fine aggregate, respectively. But there is no much research on the mechanical properties such as destructive and non-destructive tests for concrete where cement is replaced by FA from 0% to 30% and fine aggregate is replaced by CS from 0% to 100%. But, attempts have been done to relate Rebound Hammer and Ultrasonic Pulse Velocity to concrete strength as demonstrated [19] [20] [21] . Results of these two methods are largely affected by many factors. Therefore, it is assured that the use of more than one method yields more reliable results. Of a number of purely NDT tests, the Rebound Hammer and Ultrasonic Pulse Velocity combinations are the most commonly used.
Hence, in this work concrete compressive strengths assessing by NDT techniques such as Ultrasonic Pulse Velocity and the Schmidt Rebound Hammer are used. The first method is used to measure the pulse velocity in concrete from the direct transmission method while the second method evaluates concrete compressive strength through measuring its surface hardness. Thus, the main aim of this effort is to increase exploitation of copper slag in concrete and compensate the early strength when adding fly ash in concrete and also to study about mechanical properties of concrete with industrial waste by using Destructive Testing (DT) and Non-Destructive Testing techniques (NDT).
Experimental Study

Materials and mix proportions
Ordinary Portland cement (43 grade) is used for entire research, which confirms the current specifications as described in IS8112 (part1):2013 [22] . The properties of the cement are given in the Table 1 . A class F fly ash obtained from Thermal Power Plant, Salem (Tamil Nadu),India is used and fly ashes are classified as low calcium fly ash which has satisfied as per the IS3812(part1): 2003 [23] and Specific gravity of fly ash 2.18. The term specific gravity, refers to the ratio of the density of a solid or liquid to the density of water. The term can also refer to the ratio of the density of a gas to the density of dry air at standard temperature and pressure, Specific gravity is a dimensionless quantity; that is, it is not expressed in units.Locally available river sand of zone II and crushed blue granite stone of maximum size 20 mm are used as fine aggregate and coarse aggregate, respectively [24] . Copper slag from Sterlite Industries India Limited (SIIL), Tuticorin, Tamil Nadu is utilized.The properties of these aggregates and copper slag are given in Table 2. It can be seen from these results density of the copper is very contrast to the density of sand, which leads to the increase in concrete density as more copper slag was added. Chemical properties of class F FA and CS are given in Table 3 . Gradation tests are conducted on aggregates and gradation curves are represented in Fig. 1 and Fig. 2 , respectively. The fineness modulus is a numerical index of fineness, giving some idea of the mean size of the particle present in the entire body of the aggregate. The sum of the cumulative percentages retained on the sieves divide by 100 give the fineness modulus. Fineness modulus of the CS has high compared to river sand. This signifies that copper slag is coarser than the fine aggregate. Table 4 . 
Sample preparation
The materials are mixed properly and ensure uniformity and water was added with constant water cement ratio is 0.4 then mixed properly. The concrete is placed to standard size cast ion moulds, compaction of concrete was carried out by vibration table. The specimens 150 mm x 150 mm x 150 mm for compressive strength, 150 mm diameter and 300 mm long cylinders for splitting tensile strength and 100 mm x 100 mm x 500 mm prisms for flexural strength. After 24-hours specimens are demoulded and transferred to curing tank and tested at required age.
Test procedure
Mechanical properties of concrete by DT and NDT are investigated in this study. The tests are performed to determine the mechanical properties like compressive strength, splitting tensile strength and flexural strength. Table 5 outlines the experimental programme of this study. Tests are carried out on hardened concrete specimens to evaluate their mechanical properties (destructive and non-destructive) with the IS conformance [26] [27] [28] . At the required age of testing, the specimens are removed from the curing tank and sundried before tested for strength. Three specimens are tested for each replacement level and average is recorded. Compressive strength of the 150 mm cubes specimens are determined at 7, 28, 56, and 90 days. The compressive strength is calculated using the following equation.
Compressive strength = P/A
(1)
Where, P is peak load (N) in the test, A is area of cross section in mm 2 .
Splitting tensile strength tests are carried out on 150 mm diameter x 300 mm long cylinders at 28 days of curing age. The maximum load at failure reading was taken and the split tensile strength is calculated using following equation.
Splitting tensile strength (N/mm
2 ) = 2P/πLD (2) Where, P is the ultimate load (N) at failure, L is length of specimen (mm) and D is diameter of cylindrical specimen (mm).
Flexural strength tests are carried out on 100 mm x100 mm x 500 mm prisms with centre point loading at 28 days of curing age. The flexural strength calculated by the following equation.
where, P is maximum load (N) applied to the specimen, L is length in mm of the span on which the specimens is supported , d is measured depth in mm of the specimen at the point of failure and b is measured width in mm of the specimen.
Before conducting compressive strength (DT), NDT tests are conducted at 28 days curing period specimens. Quality of concrete in terms of density, homogeneity, strength and uniformity of the concrete is verified by the UPV (direct transmission method) and assessing compressive strength of concrete cubes by RH. And also powdered samples are collected for further extensive research for XRD, SEM and pH value etc. (Fig. 3) . Compressive strength results are given from figures [4] [5] [6] [7] . From these results, the early strength of concrete with FA alone is lower and higher strength has been developed after 56 -90 days. At the early age's, fly ash exhibits very little cementing value but at later ages, when liberated surplus lime resulting from hydration of cement reacts with FA and contributes considerable strength to the concrete.
Combination of both industrial wastes (CS and FA) reacts with cement and produce binding properties to the concrete hence; it has not affected the strength at early age to later age. Based on the 90 days strength results, from 0% to 10% FA is replaced for cement. Optimum strength is reached, when 40% copper slag is replaced for fine aggregate. It is inferred from the available results that 40% of copper slag gets more density packing hence, strength is increased. In concrete with 20% to 30% FA replacement for cement, ultimate strength is reached when 80% CS is replaced for fine aggregate. Because of the reaction of FA and CS react with surplus lime and it offers additional binding properties to the concrete and un-reacted fly ash acts as micro aggregates. It also fills the voids in the concrete Compressive strength developments at 56 and 90 days are compared with 28 days strength of the control concrete. Strength at 56 days has increased from the range 4.42 to 28.8% compared to the control concrete. At 90 days strength varied from 2.34 to 36.83% related to control concrete. But, strength is very nominally increased (0.69% to 0.93%) at 56 and 90 days curing periods in control concrete. From this research, it is concluded that compressive strength of concrete with FA and CS is always higher than control concrete. Here, the positive effect of Period. Polytech. Civil Eng. copper slag compensates the strength loss due to the presence of FA. It is also suggested that, concrete with 30% FA replacement for cement and 80% CS replacement for fine aggregate is suitable for concrete structures. The above observations are supported by the work of other researchers who studied the influence of CS as fine aggregate on the strength of mortars and concrete specimens [1] . The study has concluded that the mortars containing the larger amounts of CS have lower early strength at W/C ratio of 0.48 and that the strength of mixtures with 20 -80% substitution of slag is higher than that of control specimens. Suresh Chandra Pattanaik and Dr.Akshaya Kumar Sabat [11] have investigated the replacement of cement from 10% -40% by FA . The results have indicated that the strength of the mix with 40% replacement with fly ash is all the time lower than that of control mix. But, the rate of gain of strength of all mixtures replaced with FA from 10 -30% is higher than control mixes.
Tab. 5. Experimental Programme
Split Tensile and Flexural tensile strength
The results of the splitting tensile strength (150 mm diameter x 300 mm height) and flexural strength (100 mm x 100 mm x 500 mm prisms) at 28 days are obtained in this study according to the procedures described in Fig. 8 and Fig. 9 ]. Results are represented in the figures [10, 11] . From the experimental results illustrate that the split tensile and the flexural strength behave in similar manner. The optimum strength reaches when concrete with FA 0% -30% replacement for cement and 40% CS replacement for fine aggregate. After that, strength profiles are declined. Tensile strength at 28 days varies from 1.52 -24.24% which is 24.24% higher than that of the control concrete. Flexural strength for concrete at 28 days varies from 1.57 -15.09%. This is 15.09 % higher than control mix. Up to 40% CS in the mix increases the tensile strength of concrete. The reason for increased tensile strength may be a strong interface bond between the CS and FA paste. Irregular surfaces of CS aggregate particles are filled with hydration product. As a result they provide better bond strength and hence the tensile strength increases. Usually, compressive strength is required in structural design and tensile strength is also required in structural design for certain specific applications, such as structures in earthquake regions, airfield runways, pavement slabs and so on [17] .
IS516-1959 [25] [
Relation between Compressive strength and Tensile strength
In reinforced concrete construction, the strength of the concrete in compression is only taken into consideration. But, the design of concrete pavement slabs is often based on the flexural strength of concrete. Therefore, it is necessary to assess the flexural strength of concrete either from compressive strength or independently. The results of relation between compressive and tensile strength are given in Table 6 . From these results, it is seen that strength of concrete in compression and tension (both direct tension and flexural tension) are closely related. The ratio of the two strengths depends on general level of strength concrete. Based on the split tensile and the flexural strength experimental results, it is evident that concrete with up to 30% FA replacement for cement and 40% CS replacement for fine aggregate is suitable for pavement, runways and airfield construction. 
Non Destructive testing
Before the compressive strength test is to be carried out by destructive testing techniques ,the cubes were subjected to NDT methods such as UPV (Direct method -Fig. 12) and RH (Fig. 13) on the same specimens at 28 days only as per the procedure described in IS13311 (Part 1) 1992 and IS 13311(Part 2) 1992, respectively [27, 28] . Results are given in Table 7 .
Ultrasonic Pulse Velocity method
The velocity of the propagation of ultrasound pulse is measured by direct transmission method using UX4600 ultrasound device. It is represented in the Fig. 12 . From these results, UPV values for all the mix proportions vary from 4.0 km/s to 4.7 km/s. In this experiment, velocity obtained is higher. This indicates that the quality of the concrete in terms of density, homogeneity and uniformity is good. Based on the IS code [27], velocities of concretes for all concrete mixture are indicated 'excellent and good'.
Rebound Hammer test
In RH method, compressive strength is directly measured by DIGI Schmidt (2000) Rebound Hammer (Proceq). It is portrayed in the Fig. 13 RH strengths of all the mix proportions achieve the required strength for M30 grade of concrete at 28 days and also the results are comparable with control concrete. But, the strengths are largely scattered compared to compressive strength obtained by destructive testing results. The estimation of strength of concrete by rebound hammer method cannot be held to be very accurate and probable accuracy of prediction of concrete strength in a structure is ± 25 percent [28] . This is because the RH results are affected by number of factors like surface condition and moisture content, age of concrete etc. RH values are also indicative of compressive strength of concrete to a limited depth from the surface. If the concrete has internal micro cracking, flaws or heterogeneity across the cross-section, RH strength will not indicate the same. But UPV values indicate that the concrete has uniform homogeneity, less amount of cracks, voids and other imperfections. From these results, it is concluded that both the NDT and the DT techniques results are favorable for concrete with industrial wastes such as FA and CS. Compressive strengths obtained by destructive testing results are compared with UPV and RH. 
Analysis of test results
In order to estimate the effect of copper slag and fly ash on mechanical behaviour such as destructive (DT) and non destructive (UPV and RH) a regression analysis (curve fitting techniques ) was used. In this study, regression equation were created between the results obtained from the destructive testing and non-destructive testing. MS-Excel is used to create the non linear regression equation . The experimental values are plot in graphs and also regression equation and co-efficients (R 2 ) are obtained from this model, and it is represented by Fig. 14[a-d] . The R 2 value varied from to 0.8038 to 0.9732. The R 2 value an estimate of goodness of fit of the function to the experimental data. Its value represents the fraction of the overall variance of the dependent variable that is explained by the independent variable. Regression coefficient values are indicated that the difference between expected and estimated values slightly scattered and polynomial second order equations are given in Table 8 and Table 9 4 Conclusions From the laboratory results, the following conclusions are made.
1 Concrete with FA alone, the initial rate of gain of compressive strength has been decreased due to slow pozzolanic action, but the strength is developed at later ages (56 -90 days) higher than the control mix.
2 Compressive strength concrete incorporating with industrial waste such as FA and CS is increased from the early ages to lateral ages due the positive effects of CS compensate the strength loss due to the presence of FA. This indicates that, FA and CS react with surplus lime resulting from hydration of cement and give additional binding property continuously to the concrete. Hence, industrial wastes haven't affected the compressive strength.
3 Based on 90 days compressive strength, concrete mixtures with 30% of FA and 100% of CS have contributed higher strength than the control mix for all the time. Optimum strength is reached, when concrete with cement is replaced by 30% of FA and 80% of CS for fine aggregate. It is 36.83% better than the strength of control mix and also this mix proportion is suitable for concrete structures.
4 Based on the split tensile and flexural strength, concrete with up to 30% FA replacement for cement and 40% CS replacement for fine aggregate is suitable for pavement, runways and airfield construction.
5 UPV for all the mixtures varies from 4.0 km/s to 4.7 km/s. These results reveal that, the concrete has uniform homogeneity, with fewer amounts of cracks, voids and other imperfections.
6 RH strengths of all mix proportions achieve required strength for M30 grade of concrete at 28 days. But, it is largely scat- 
